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METHOD AND APPARATUS FOR BACKING OFF 
A TUBULAR MEMBER FROM A WELLBORE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Embodiments of the present invention generally relate to a pipe or drill 
string recovery operation in a wellbore environment, and more particularly, to a 
back-off tool. 

Description of the Related Art 

[0002] As wellbores are formed, various tubular strings are inserted into and 
removed from the wellbore. For example, drill bits and drill strings may be utilized to 
form the wellbore, which are typically lined with casing as the bore hole increases in 
depth. With today's wells, it is not unusual for a wellbore to be several thousand feet 
deep with the entire wellbore lined with a tubular string commonly referred to as 
casing. In other cases, only the upper portion of the wellbore is lined with casing 
and the lowest portion still open to the earth. Tubular members commonly referred 
to as production tubing or just tubing are also installed in the wellbore. As the well is 
drilled to new depths, the drill string becomes increasingly longer. Because the 
wells are often non-vertical or diverted, a somewhat tortuous path can be formed 
leading to the bottom of the wellbore where drilling takes place. Because of the non- 
linear path through the wellbore and other unpredictable conditions, the drill string or 
tubing can become bound or otherwise stuck in the wellbore as it moves axially or 
rotationally. The issues related to a stuck drill string may include stopping all drilling 
operations, thereby loosing some valuable rig time. Generally, one of the first steps 
in a drill string recovery operation is to determine the point at which the drill string is 
stuck, e.g., by using a free point tool. This step is usually followed by a back-off 
operation using a back-off tool. 

r 

[0003] Since a drill string is generally made up of multiple sections of a drilling 

pipe joined together with threaded connections, the upper portion of the drill string 

above the section of the pipe that has become stuck may be unthreaded/unscrewed 
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from the lower portion of the drill string. As such, the upper portion of the drill string 
may be pulled out of the well. Since the threaded connection is generally tightly 
connected, the release of the upper portion of the drill string from the lower portion 
of the drill string has typically been accomplished by applying a back-off operation, 
which applies a left hand or reverse torque to the drill string and detonating an 
explosive charge adjacent the threaded connection to be released. The explosion 
transmits a shock wave from the explosive device to the threaded connection, which 
serves as a jar to the threaded connection so that the back-off torque will uncouple 
the upper portion from the lower portion of the drill string. 

[0004] A conventional back-off tool generally includes an explosive detonating 
cord attached to a central steel rod which may be lowered by a wireline into the drill 
string. The explosive detonating cord is detonated to generate shock waves through 
an explosion at or proximate to a desired location. The explosion produces much 
the same effect as an intense hammer blow and allows the drill string to be 
unscrewed at the threaded connection. This prior art method, generally known as a 
"string shot," leaves tape debris in the well and requires side detonation from cord to 
, cord, which is not only somewhat unreliable, but produces a ragged, non-uniform 
explosion which may or may not produce a shock wave of the necessary magnitude 
and uniformity. Moreover, the shipping costs for the detonating cords, which are 
typically classified as hazardous materials, are typically costly due to shipping 
regulations in connection with explosives. 

[0005] Therefore, a need exists for a method and apparatus for releasing the 
upper portion of the drill string from the lower portion of the drill string without the 
drawbacks of conventional methods. 

SUMMARY OF THE INVENTION 

[0006] Various embodiments of the present invention are generally directed to a 
back-off tool for use in a tubular member disposed inside a wellbore. The back-off 
tool includes a housing and at least one sonic wave generator mounted within the 
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housing. The sonic wave generator is configured to generate a plurality of sonic 
waves. Each sonic wave may have one or more predetermined frequencies. 

[0007] Various embodiments of the invention are also directed to an apparatus 
for loosening a threaded connection joining an upper portion and a lower portion of a 
tubular member. The apparatus includes a back-off tool having at least one sonic 
wave generator and a wireline connected to the back-off tool. The wireline is 
configured to lower the back-off tool through the tubular member. The apparatus 
further includes a power supply for delivering a signal to the sonic wave generator. 
The sonic wave generator is configured to generate a plurality of sonic waves upon 
receipt of the signal. 

[0008] In one embodiment, the back-off tool includes two or more sonic wave 
generators, each being positioned at one or more locations on the back-off tool. The 
two or more sonic wave generators are configured to be activated simultaneously or 
at predefined times so that the combined generated sonic waves are substantially 
greater than the sonic waves generated by each individual sonic wave generator. 

[0009] Various embodiments of the invention are also directed to a method for 
loosening a threaded connection on a tubular member. The method includes 
lowering a back-off tool through the tubular member to a position substantially 
proximate the threaded connection and activating the back-off tool to generate a 
plurality of sonic waves. 

[0010] Various embodiments of the invention are also directed to a method for 
backing-off an upper portion of a tubular member joined to a lower portion of the 
tubular member by a threaded connection in a wellbore. The method includes 
applying a reverse torque to the upper portion of the tubular member, lowering a 
back-off tool through the tubular member to a position substantially proximate the 
threaded connection joining, and generating a plurality of sonic waves through the 
back-off tool to loosen the threaded connection. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in which the above recited features of the present 
invention are attained and can be understood in detail, a more particular description 
of the invention, briefly summarized above, may be had by reference to the 
embodiments thereof which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only typical embodiments of 
this invention and are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 

[0012] Figure 1 illustrates a cross sectional view of a back-off tool positioned 
inside a tubular member in accordance with one embodiment of the invention. 

[0013] Figure 2 illustrates a cross sectional view of a back-off tool positioned 
inside a tubular member in accordance with one embodiment of the invention. 

[0014] Figure 3 illustrates a method of backing off a tubular member from a 
wellbore in accordance with one embodiment of the invention. 

DETAILED DESCRIPTION 

[0015] A detailed description will now be provided. Various terms as used herein 
are defined below. To the extent a term used in a claim is not defined below, it 
should be given the broadest definition persons in the pertinent art have given that 
term, as reflected in printed publications and issued patents. In the description that 
follows, like parts are marked throughout the specification and drawings with the 
same reference numerals. The drawings may be, but are not necessarily, to scale 
and the proportions of certain parts have been exaggerated to better illustrate details 
and features of the invention. 

[0016] Figure 1 illustrates a cross sectional view of a back-off tool 100 positioned 
inside a tubular member 110 in accordance with one embodiment of the invention. 
The tubular member 110 may be a drill string, a casing, a production tubing and the 
like. The tubular member 110 is illustrated as being stuck by a condition 135 inside 
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a wellbore 120, which may be lined with casing 125. The sticking condition 135 may 
be caused by any number of factors, including a sand bridge that may have been 
formed around a portion of the tubular member 110, mud solids or dehydration of 
mud in the annulus, a stuck packer or downhole assembly, and the like. A land well 
is shown for purposes of illustration; however, it is understood that the back-off tool 
100 may also be used in offshore wells. 

[0017] The back-off tool 100 is generally suspended inside the tubular member 
1 10 by a wireline 140, which extends to the drilling rig at the surface of the wellbore 
120. The back-off tool 100 includes a housing 130 and a sonic wave generator 10 
mounted within the housing 130. The sonic wave generator 10 may be made of any 
material that can be induced to generate sonic, acoustical, shock or pressure waves. 
For example, the sonic wave generator 10 may be made from a piezoelectric crystal 
or ceramic, magnetostrictive materials, barium titanate, quartz and the like. The 
sonic wave generator 10 may also be a stack of piezoelectric plates fabricated from 
wafers of quartz, lithium niobate, lithium tantalate or ceramics. The stack of 
piezoelectric plates, which are cut generally in the x crystal axis direction, may be 
deposited with silver alloy for conductivity and mechanical strength, then stacked 
and melted together under vacuum and applied pressure. 

[0018] The sonic wave generator 10 is electrically connected to a power supply 
124 configured to deliver an electrical signal to the sonic wave generator 10. The 
sonic wave generator 10 is configured to vibrate in response to receiving the 
electrical signal from the power supply 124, thereby generating the sonic waves. 
The sonic wave generator 10 may also be connected to a controller 116, which is 
configured to control the activation of the sonic wave generator 10. The controller 
116 may also vary the frequency, amplitude or resonance of the sonic waves. 

[0019] The controller 116 has a central processing unit (CPU), a memory, and 
support circuits for the CPU. The CPU may be one of any form of general purpose 
computer processor that can be used in an industrial setting for controlling various 
devices, such as the sonic wave generator 10. The memory is coupled to the CPU 
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and may be one or more of readily available memory, such as random access 
memory (RAM), read only memory (ROM), floppy disk, hard disk, or any other form 
of digital storage, local or remote. The support circuits are coupled to the CPU for 
supporting the processor in a conventional manner. These circuits may include 
cache, power supplies, clock circuits, input/output circuitry and subsystems, and the 
like. 

[0020] The back-off tool 100 is generally positioned substantially proximate or 
adjacent a threaded connection 150 so that the sonic waves generated by the sonic 
wave generator 10 may loosen the threaded connection 150. 

[0021] In one embodiment, the back-off tool 100 includes two sonic wave 
generators 210 and 220, as shown in Figure 2. In this embodiment, the two sonic 
wave generators 210 and 220 may be positioned on either side of the threaded 
connection 150 to be released such that the combined amplitude of the sonic waves 
is greater than the amplitude of the sonic waves from a single sonic wave generator 
10. In yet another embodiment, the back-off tool 100 includes a plurality of sonic 
wave generators. In these embodiments, the sonic wave generators may be 
activated simultaneously or at predefined times. 

[0022] Figure 3 illustrates a method 300 of backing off an upper portion of a 
tubular member 110 from a wellbore 120 in accordance with one embodiment of the 
invention. Once the sticking condition has been identified and located, the tubular 
member 110 may be set to a neutral weight position at threaded connection 150 
(step 310), i.e., setting the tubular member in neither tension or compression. 
Setting the neutral weight position is typically accomplished by reciprocating the 
tubular member 110. The tubular member 110 may contract and expand as tension 
is applied at the surface of the wellbore 120. As such, the tubular member 110 may 
be lifted to reduce the weight of the upper portion of the tubular member 110, 
thereby counteracting forces on the threaded connection 150 preventing the release. 

[0023] At step 320, a reverse torque is applied to the tubular member 110 from 
the surface. The back-off tool 100 is then lowered through the tubular member 110 
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to a desired position (step 330). In one embodiment, the desired position is 
substantially proximate the first threaded connection 150 above the sticking 
condition 135. In another embodiment, the desired position is substantially 
proximate the first threaded connection 150 inside the casing 125 above the sticking 
condition 135. In yet another embodiment, the tubular member may be set to the 
neutral weight position after the back-off tool 1 00 has been lowered to the desired 
position. Alternatively, the reverse torque may be applied after the back-off tool 100 
has been lowered. 

[0024] At step 340, the sonic wave generator 10 is activated to generate sonic 
waves to jar or loosen the threaded connection 150. In one embodiment, the sonic 
waves are generated while the tubular member 110 is set to its neutral weight 
position. The sonic waves are configured to produce much the same effect as an 
intense hammer blow, thereby loosening the threaded connection 150 and allowing 
the upper portion of the tubular member 1 10 to be unscrewed from the lower portion 
of the tubular member 110. The sonic waves are transmitted to the threaded 
connection 150 through liquid or gas medium in the wellbore 120. The sonic wave 
generator 10 may be activated by receiving an electrical signal from the power 
supply 124. Furthermore, the activation of the sonic wave generator 10 may be 
controlled by the controller 116. In one embodiment, the sonic wave generator 10 
may be repeatedly activated to generate the sonic waves until the threaded 
connection 150 is loosened. A reverse torque and the neutral weight setting at 
threaded connection 150 may be applied after or while the sonic wave generator 10 
is activated. 

[0025] In one embodiment, the sonic waves are repeatedly or continuously 
generated while the back-off tool 100 is being moved upwardly or downwardly (step 
345). For example, the sonic waves may be generated: (i) while the back-off tool 
100 is being lowered to the desired position, i.e., even before the back-off tool 100 
reaches the desired position; (ii) while the back-off tool 100 is being pulled upwardly; 
(iii) while the back-off tool 100 is being lowered pass the threaded connection 150 
and pulled upwardly, as in a sweeping motion. In this manner, various embodiments 

8 



PATENT 

Attorney Docket No.: WEAT/0393 
Express Mail No.: EV335476345 

of the invention allow the sonic wave generator 10 to generate the sonic waves 
while moving the back-off tool 100 up and down until the sonic waves reach the 
threaded connection 150 while the tubular member 110 is at the neutral weight 
position, thereby loosening the threaded connection 150. 

[0026] In another embodiment, the sonic waves are repeatedly or continuously 
generated while the tubular member 110 is being reciprocated. As the tubular 
member is being reciprocated, the neutral weight position is moving along the 
tubular member 110. While the neutral weight position is moving up and down the 
tubular member 110, the sonic waves are generated toward the tubular member 
110. In this manner, as the neutral weight position moves through the threaded 
connection 150, the sonic waves applied at the threaded connection 150 loosen the 
threaded connection 150. 

[0027] In yet another embodiment, the sonic wave generator 10 is configured to 
generate sonic waves at one or more predetermined frequencies. The frequency of 
the sonic waves may be varied via the controller 116. In addition, the frequency 
and/or resonance of the sonic waves may be varied according to the proximity of the 
threaded connection 150 to the sticking condition 135. For example, the closer the 
threaded connection 150 is to the sticking condition 135, generally the higher the 
frequency and/or resonance required to loosen the threaded connection 150. 
Further, the amplitude of the sonic waves may also be varied by the controller 116. 

[0028] Once the threaded connection 150 is loosened or jarred by the sonic 
waves generated by the sonic wave generator 10, the upper portion of the tubular 
member 110 may be retrieved from the wellbore 120 (step 350). In this manner, the 
combination of the sonic wave generation and the application of the reverse torque 
is configured to loosen the threaded connection 150 so that the upper portion of the 
tubular member 110 may be retrieved from the well bore, leaving the lower portion of 
the tubular member 110 in the wellbore 120 for subsequent fishing operations and 
the like. At 360, the back-off tool is removed from the tubular member by pulling 
upwardly with the wireline 140. 
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[0029] Various embodiments of the invention have many advantages, among 
which is that the sonic wave generator 10 may be activated any number of times 
without having to retrieve the back-off tool 100, unlike current conventional back-off 
tools, which require retrieval of the back-off tool 100 and replacement of the 
detonation charge for each jarring event, e.g., an explosion using detonating cord. 
Further, various embodiments of the invention substantially eliminate the use of 
hazardous materials as a jarring mechanism. In addition to loosening threaded 
connections, various embodiments of the invention may be used for releasing stuck 
packers, fishing tools and the like, removing corrosion from pipe, opening 
perforations, jumping collars, bumping drill pipe loose in key seats, removing jet 
nozzles in drill bits to increase rate of circulation, and the like. 

[0030] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing 
from the basic scope thereof, and the scope thereof is determined by the claims that 
follow. 



10 



